ALAN ROBERTSON was bom on 21 February 1920 at a nursing home in Preston, although his parents lived in Liverpool. His father, John Mouat Robertson, was in the Signals Branch of the Post Office. He was a self-taught linguist of exceptional ability and subsequently served as an interpreter in the War Office. He was also good in a wide range of sports. Alan's mother, Annie Grace, came from a farming family and was one of six children, but the only one who married. Her eldest brother, John Hilton Grace, was a mathematician; he was second wrangler at Cambridge in 1895, where he spent most of the rest of his life, and was elected to the Royal Society in 1908. He was, however, of intemperate habits (Todd 1958) and was apparently cut off from the family, so Alan did not know him during his own time in Cambridge. It is of note that Alan had mathematical, linguistic and sporting talents.
a quarter of a century, Alan seemed little influenced by him, preferring simple mathematical equations to W addington's verbal or pictorial concepts.
W hen they first moved to Edinburgh, Alan, Meg and many others of the group were housed in the commune set up by W addington at Mortonhall House, ostensibly because housing was short. Alan (143) comments 'As a solution to the immediate problem this was satisfactory but as an experiment in communal living in the long term it was not. W addington probably had a Cambridge college in mind but ... here we had a group with the same hierarchy at work as at home and the added problem of wives staying behind during the day ... It provided many anecdotes usually of a rather wry kind, and a novel' {Thepast masters by Edith Simon, wife of Eric Reeve). Alan and Meg moved to their own house in Corstorphine in 1950 and then to 47 Braid Road in 1959. Meg and Alan had three children: Mark (sometimes 'B ill'), who became a lawyer; Hilary, a school teacher and university administrator; and Michael, a farmer. At the time of writing Alan and Meg, who survives him, have three grandchildren. Meg and Alan were most hospitable to colleagues, students and visiting scientists. Alan had a world-wide circle of scientific friends spanning a range from animal breeders to theoretical population geneticists. Alan inherited the family farm at Halewood from his aunt. It was taken over for Liverpool overspill in the 1960s, and another farm purchased near Warrington in Cheshire. These farms were m n primarily as commercial dairy farms, for Alan did not engage in competitive dairy cattle breeding. Throughout his life he retained an interest in farming, and helped out at busy times or holidays. A manager was employed until a few years ago, when his son Michael took over.
Alan was a keen and able sportsman, playing tennis regularly until his mid-sixties. Many visitors to the Institute were surprised to see Alan playing croquet or 'thunderball' (a local variant of volleyball) on the lawn outside after lunch, or to find him using a tennis ball to wipe the blackboard in his office for want of a duster. He travelled to many meetings and conferences and quite often to the farm, otherwise outside office hours he was a regular spectator of sports, a keen gardener and concert-goer, and a happy family man.
It is not possible to put any specific date on the start, but Alan's mental abilities were declining before his formal retirement and were becoming more noticeable from around that time. Although he continued to work he became increasingly concerned about his inability to give coherent lectures, for example, and was depressed by this. Gradually his faculties worsened and he died, presumably from Alzheimer's disease, on 25 April 1989.
DAIRY CATTLE IMPROVEMENT
The great majority of Alan Robertson's early publications were related to dairy cattle, and in these he was to make important theoretical and practical advances. Subsequently his interests turned increasingly to more basic questions of population and quantitative genetics and to evolutionary issues, but he worked on a wide range of interrelated topics at the same time. It is convenient to review his research by broad subject area.
Alan Robertson and J.M. Rendel were recruited to NABGRO to apply genetics and operational research methods to dairy cattle improvement: to know the science and how to make it work. They worked closely, sharing an office, and travelled together to visit herds in Britain and Northern Ireland and to Denmark to see the systems there.
Rendel writes: Milk production is difficult to improve rapidly by breeding because it is only expressed in females, which have a low reproductive rate. When artificial insemination (AI) came into use, the possibility of progeny-testing bulls provided new opportunities for genetic improve ment. Rendel and Robertson had access to data from the Cambridge AI Centre and so were able both to explore and to test ideas. There were several papers dealing with the background. Alan reviewed experiments on inbreeding and crossbreeding (1, 2), if only to establish that the way ahead was within population improvement. With Rendel he showed that longevity, so highly regarded by breeders, was a much less important trait than lactation yield in terms of efficiency (5). Breed structure was investigated and it was shown that a hierarchy of breeders of Friesian cattle was already established, with movement of genes down this pyramid (3, 15, 16). It was therefore not surprising that only a small proportion of the variation between herds was found to be genetic (28), so selection of bulls on the basis of progeny yield but ignoring herd yield would not be efficient.
In a pair of important papers with Rendel (6, 7), rates of genetic progress in dairy improvement schemes were predicted. First they expanded formulae of Dickerson and Hazel to show how the rate of response in populations with overlapping generation could be expressed as the ratio of the genetic selection differential to the generation interval over the four pathways of genes from sire or dam to son or daughter. They predicted rates of improvement in milk production that could be achieved in a well-managed closed herd, based on pedigree information for bull selection, and suggested that the maximum rate would be about 1% per year, with 0.7% being more realistic. (Elsewhere they showed that actual rates were much lower (11).) The critical innovation was to consider how AI could be used. They suggested that in an AI programme young bulls would each be mated to cows from a number of herds and laid off until their progeny had lactated; and the best bulls could then be selected with high accuracy on their progeny test result. Taking as a typical structure a population of 2000 cows, such as that served by AI from the Cambridge centre, they estimated that, in theory, rates could be doubled to about 1.5% per year. This was the primary demonstration that AI could be an effective aid to increasing rates of improvement in dairy cattle and was a major influence on dairy cattle breeding programmes worldwide.
The complication introduced by AI was that sires had milk-recorded progeny in many herds, with numbers distributed unevenly over herds. Evaluation by simple average performance of daughters would not be adequate because management levels differed among herds. Robertson, in a series of papers, either as sole author or with Johansson or Rendel, devised and elucidated the contemporary comparison (CC) method, in which the records on a bull's daughter were expressed as a deviation from the mean of herd mates, got by other sires, who were lactating in the same herd at the same time (18, 23, 28). The deviations from different herds were weighted according to the numbers of offspring and contemporaries in each. The mean deviation was then regressed to allow for the numbers of offspring recorded and incorporate knowledge of heritability of the trait, in effect to predict the performance of future (i.e. as yet unborn) progeny from present (i.e. already recorded) progeny. A correction allowing for genetic differences in herd mean was also included, to obtain the contemporary comparison.
An alternative to field progeny testing of bulls, namely testing in central stations, had been adopted in Denmark. With Mason (40) Alan showed that this was not more efficient, at least as practised in Denmark where progeny groups were reared together. They also showed that there was little or no difference in accuracy of testing at different levels of production (36), so that all field data could be utilized. Thus the way was clear for dairy cattle improvement programmes using AI in commercial herds with data retrieval and analysis by contemporary comparison: a brilliant example of the application of genetic principles to practical problems.
Breeders were not, however, quick to take these ideas on board. Rendel writes 'The [Cambridge] AI Centre let us use their records but their panel did not use our scheme. They turned down the first nine bulls chosen on progeny test' [on conformation]. For some reason, Rendel and Robertson did not obtain permission from the ARC to publish a guide for bull-breeding centres. Nevertheless the use of AI, progeny testing and sire evaluation by the contemporary comparison were to become the norm in dairy cattle breeding, and it is clear that Alan Robertson's influence on this was immense. The use of progeny testing by AI and the contemporary comparison was adopted in Britain by the Milk Marketing Boards and throughout the world. Not until relatively recently have there been substantial changes in procedure. First, in the standard contemporary comparison method it is assumed that herdmates are offspring of a random sample of sires. This may have been tme in the early days of AI, but not when breeders began to use high-merit AI bulls which were not bred randomly across herds. Best linear unbiased prediction (BLUP) developed by Henderson (1963 et seq) of Cornell University is now used, an advance enabled by increased computing power because simultaneous solution of many equations is necessary. Alan was aware of the need to allow for merit of contemporaries (28), but adequate computers were not then available. He later paid little attention to BLUP. Second, the availability of multiple ovulation and embryo transfer (a development foreseen by Robertson and Rendel (7)) has led to schemes based on pedigree selection with short generation interval and intense selection of females, rather than on progeny testing (Nicholas & Smith 1983).
Once progeny testing became established, analyses of the relations of tests of father and tests of son were undertaken, showing a rather poorer correlation than anticipated (64). Indeed, rates of genetic improvement in British dairy cattle turned out to be substantially lower than expected, a matter of disappointment to Alan. This was also the case in the U.S. A. but rates have subsequently increased, earlier in the U.S.A. than in Britain. It seems fairly clear that the methodology was not adopted properly: in particular selection was not practised primarily for production and many bull sires of replacement bulls were not all adequately progeny-tested.
There were various other threads to the dairy cattle research related to this central theme. With Johansson, Alan derived formulae (18) for rates of inbreeding that would result from using AI and showed that these need not be larger than found in conventional pedigree breeding schemes. They also discussed the accuracy of progeny testing for deleterious recessive genes, also a concern of breeders, for AI was thought liable to spread harmful conditions.
In a progeny-testing programme in which testing resources are necessarily limited and a fixed number of proven bulls are required, a compromise has to be reached between the number of young bulls tested and their progeny group size, i.e. between accuracy and selection intensity. Alan showed how to define and solve this optimization problem (51), and was subsequently to extend these principles to experimental design. He generalized the ideas of prediction equations for breeding value based on pedigree information in a short but definitive paper (30). Extensive estimates of heritability for milk yield and composition were obtained (49), necessary parameters for the contemporary comparison, and analyses undertaken of genetic variation in non-fat components of milk (43), which at that time were not considered in breeding programmes and did not become incorporated until over a decade later.
To reduce generation interval and because the correlation between yields in successive lactations is high, Robertson and Rendel proposed that progeny test selection be based only on first lactation records, not entirely to the satisfaction of breeders, but analyses undertaken with Khishin (54) and later with Barker (90) showed it was a sensible procedure. This work developed into analyses of culling practices in dairy herds, and Alan developed a mathematical theory of culling (95). This paper, though difficult to read, has had enormous influence in the evolutionary literature, because he proposed what has become known as the 'secondary fundamental theorem of natural selection': that the rate of change in any trait equals its additive genetic covariance with fitness. It is ironic that a paper on culling dairy cattle, published in the journal Animal Production, has become a central component of evolutionary quantitative genetics.
In the 1950s data were being gathered on blood group genotypes in cattle, partly for pedigree verification and partly with the hope of predicting the genotype for dairy traits of young anim als or b u lls. A n ex ten siv e an aly sis o f data w as u n d erta k en w ith Neimann-Sdrensen, which provided the statistical basis for such analyses but also showed little association (69). This was hardly surprising: a few such loci are unlikely to be responsible for or linked to much variation in any single trait. Only recently, with possible blanket coverage of the genome by restriction fragment length polymorphisms (RFLPs), has there become any real chance of associations being found. A lan's interests in molecular genetics in relation to animal improvement are discussed later.
BREEDING OF OTHER SPECIES
The improvement of dairy cattle was Alan Robertson's only major direct involvement with species-orientated animal breeding. He undertook some collaborative research with George Clayton on poultry, but otherwise his input was through his writing, informal consulting, and lecturing. His animal breeding research effectively ended in the mid-1960s, but his subsequent theoretical work and discussions based on his broad quantitative and molecular knowledge were to have important influence.
Many earlier pieces of theoretical analysis, designed with one specific example in mind, e.g. poultry, were however to have an important impact. For example, with Lem er (4,10), he developed the mathematics for analysis of traits with all-or-none expression, such as viability in poultry, to show how the heritability on this binary scale depends on the incidence of the trait and is related to that on an assumed underlying continuous scale with a threshold dividing the two classes. Computations of effective population size were orientated to particular problems, for example the design of poultry control populations of interest to R.S. Gowe when on sabbatical in Edinburgh (56), were to have an impact on quantitative genetics theory; and the Rendel-Robertson formula (6) for rate of genetic progress is the basic prediction equation for all manner of applications. Many of his other theoretical analyses in quantitative genetics were undertaken with a range of practical questions relating to animal breeding in mind.
Alan rather rarely made excursions into the physiological basis of traits, but some were of interest and significance, particularly the relations between food intake and performance. Thus in dairy cattle he pointed out that efficiency could not sensibly be discussed without reference to feeding regime, particularly when feeding was according to yield (121). For growing animals he postulated genes affecting food intake and fatness separately, and thereby could explain why animals selected at different ages put on different amounts of fat subsequently (124,150). He did not take the formal analyses of these suggestions very far, however. (See M cCarthy & Roberts in Hill & Mackay 1989 for further discussion.)
EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS IN QUANTITATIVE GENETICS
An essential requirement in most animal breeding programmes and many quantitative genetic experiments is an accurate estimate of heritability and genetic correlation. Often all that can be done is to analyse the data available, but Alan realized that sometimes there was a potential trade-off between number and size of families so the design could be optimized. In a series of papers (58, 59) on his own or with Latter (63) he extended the ideas he had applied to the design of progeny testing schemes to obtain formulae for sampling variance of heritability and genetic correlation estimates, and used these to define optimum family sizes and relative efficiency of different estim ates. The results have been widely used: indeed shortly before he died Alan was notified that his paper on genetic correlation estimation (58) was a 'Science Citation Classic'. These papers dealt essentially with equal family sizes, but Alan (75) noted that standard analysis o f variance methods did not give proper weight to data from families of different sizes. The paper received little notice at the time, but he suggested weights which turn out to be those in the restricted maximum likelihood (REML) method of Patterson and Thompson (1972) which is now becoming the standard method for variance component analysis with unbalanced data.
Much later, Alan pointed out that estimates of genetic parameters such as heritability could be substantially biased if parents were selected (142) . In a typical improvement programme the animals selected on performance for breeding are less variable than the population as a whole, so variation between families is reduced in the next generation. This work arose out of consideration of heritability estimates in horses (134) and results of Bulmer on the effects of selection on variance.
FINITE POPULATION THEORY
Even in a breed of dairy cattle numbering millions, the effective population may be only a hundred or two because few breeders have much influence. In poultry breeding a pyramid structure is established such that a nucleus population of a few dozen sires can service a market of billions through successive generations of multiplication. Alan recognized the importance of population size in design of animal breeding programmes and in the interpretation of laboratory selection experiments, usually small-scale to save labour, and made important contributions to finite population theory, particularly of selection.
To enable genetic and environmental changes to be distinguished in selected lines, unselected control populations are often maintained alongside, and it is important to maximize their effective population size (NJ so as to minimize error of estimation from genetic drift. Gowe et al. (56) developed a method for predicting Ne and suggested appropriate designs. Soon after, Kimura and Crow were to show that larger values of Ne could be obtained with circular mating designs. Their results were explained by Alan by showing that, at the extreme, inbreeding was minimized by making small sub-lines and crossing these whenever required: the circular mating scheme was merely a special case of local inbreeding followed by crossing (84).
Prediction formula for inbreeding rates are typically based on W right's simple formulae, e.g. 1/Ne = 1/4M + 1/4F for Mm ales and F females; but this assumes ther viability and fertility between families and family sizes are approximately Poisson distributed. Alan (72) pointed out and quantified the extent to which artificial selection induces extra variation in family size because individuals of high phenotype are likely to have sibs and offspring of high phenotype, and thereby reduces Ne.
His earliest work on finite population theory was in an important paper (19) in which he showed that, for quantitative traits determined by recessive genes, variability could increase within lines in early generations of inbreeding, in contrast to additive genes for which, as Wright showed, variation is expected to decrease linearly with the inbreeding coefficient. Very much later he investigated the time expected to elapse before a neutral recessive gene would be detected in a population as a homozygote; somewhat surprisingly this time turned out to be a function of Nelf3 and therefore rather insensitive to population size (145).
During the 1950s many laboratory selection experiments were being run in various laboratories -in Edinburgh by Alan Robertson, Falconer, Reeve, Forbes Robertson and colleagues -and breeding programmes were being established on firm quantitative genetic principles to optimize rates of improvement. Effective population sizes were small, and many laboratory selection experiments had reached plateaux. Alan noted that, in a finite population undergoing artificial selection, the selection limit would be a function of the probability that genes increasing performance were eventually fixed rather than lost. By adapting an old formula of J.B.S. Haldane for selective values of genes with artificial selection and a then recent formula of M. Kimura for fixation probabilities he deduced his theory of limits to artificial selection (66). This paper was both a conceptual breakthrough and gave practical conclusions, for example that long term response was maximized with selection of the top 50% of individuals. Subsequently the theory was extended to the case of two and then multiple linked loci (93, 117), where it was generally found that, unless linkage was tight, it had little effect. In these papers he first made use of computer simulation and he was later to develop a novel model with an infinite number of linked loci (148). An important aspect of his work is that Alan was not content to describe results, but to look for an embracing parametrization; for example, he made great use of the result from diffusion theory that population size and selective value affect gene frequency distributions as their product. He was no expert in diffusion equations, however, and generally thought in transition probability matrix (e.g. 109) or simulation terms. In retrospect, the selection limits theory may not have greatly influenced improvement practice because breeders must stay in business in the short term, but it did focus attention on population size and provided a framework for analysis of long-term laboratory selection experiments.
The 1960 limits paper (66) dealt with additive or dominant genes in which the extreme genotype was a homozygote; subsequently, Alan considered loci at which the heterozygote is superior and segregation is expected to be maintained by selection. He obtained the startling result that, for finite populations, if the homozygotes differed in fitness and the heterozygotes was only a little more fit than the better of the two homozygotes, variability would be lost more rapidly than if the genes were selectively neutral (74). This paper on natural selection, the limits paper on artificial selection, and those on variability and effective population size noted earlier established Alan Robertson as a theoretical population geneticist of the highest international standing, to add to his immense reputation in dairy cattle breeding.
The discovery of extensive electrophoretic variability in enzymes by Harris and by Lewontin and Hubby in 1966 raised new questions in population genetics. The main problem was to find out whether the observed variability was neutral or selective, a debate much stimulated by Kimura's (1968) neutral theory of molecular evolution. Lewontin and Krakauer proposed a test of neutrality, but Alan showed that the assumptions of population structure required for this test to be valid were so stringent and unlikely that it was essentially worthless (132,133).
A further question was the extent to which linkage disequilibrium could arise solely as a consequence of genetic drift of neutral genes, and some simple results were obtained by us showing that indeed drift could be a source and how the problem could be parametrized (103).
Ex p e r im e n t a l q u a n t it a t iv e g e n e t ic s
The third string to Alan's bow was a lifetime of research in quantitative genetics of Drosophila which began in the early 1950s in two major experiments with his student and then colleague George Clayton and others. One was 'An experimental check on quantitative genetic theory', for there were then no comprehensive tests of standard predictions of response to selection, for abdominal bristle number based on an estimate of heritability obtained from the correlation of half sibs in a base population (2 0 ,4 4 ,4 5 ,4 6 ). The theory worked for at least a few generations, and this model experiment remains a classic illustration. In the longer term they found more aberrant results, in particular homozygous lethal genes segregating with large effects on bristle number in the heterozygote. Another oddity was almost certainly due to segregation of the bobbed gene (see Frankham in Hill & Mackay (1989)). Subsequently Alan was stimulated both to deduce theory for long term selection in small populations referred to above and, with Knight and with Latter, to work out what have become standard methods for measuring fitness of Drosophila populations (47,73).
The other major experiment undertaken with Clayton was the estimation of the contribution of variation in bristle number arising by spontaneous mutation and by X-ray-induced mutation (29, 82), further stimulated by the results of Scossiroli and Scossiroli, who had shown large increases in response in irradiated lines. Clayton and Robertson did not obtain big changes from irradiation, however, and their results were generally in line with experiments in other species on induced mutations. The first of these papers (29) has, however, received much attention recently in relation to the role of mutation in maintaining variability. It gave the standard formula for the steady state variance due to neutral genes in finite populations, and an estimate for abdominal bristles of the input of genetic variance equal to 0.001 times the environmental variance. This value has subsequently been substantiated in later studies.
Although many of the major experiments were carried out by students, it was Alan's practice throughout his career to run Drosophila experiments on his own, perhaps with the help of a technician (notably Norma Alexander, with fly food supplied by the redoubtable Angela Aldridge). At this work he spent an hour or two a day and time at weekends, and collected piles of data. These were typically pilot experiments or checks of results obtained in other laboratories. Few were published, others were referred to in conference papers, and some were taken up in more detail by students. He was well versed in Drosophila trick stock manipulations. It was obvious that the fly work was a stimulus for his theoretical studies; for example, it led to his analyses of the time of detection of recessives, the effects of linkage on selection limits and the fitness of artificially selected populations, but it is difficult to provide any summary. Frequently he ran a small experiment and got a feel for the result, but did not consider it worth publishing.
The area in which he and students devoted most effort in relation to published output was undoubtedly in attempts to describe the distribution of effects of genes influencing bristle number. Quantitative genetic prediction theory generally assumes segregation of a large number of genes of small effect and uses parameters such as heritability that embrace the effects and frequencies of all genes influencing the trait; but for an understanding of the nature of this variation and to make long term predictions of response, a knowledge of the numbers and sizes of effects is required. Having to hand extreme selected lines for bristle numbers and with the technique proposed by Thoday for crossing marked stocks to selected lines and scoring offspring of recombinant chromosomes, Alan saw that he could find out much more about the numbers of genes contributing to this response, their location on the chromosomes and their effects on the trait. My contemporary J.H. Louw (Ph.D. 1966) worked on this topic as did other students, research assistants and visitors subsequently, yet there were only two published studies. With Macmillan he discussed the power of the technique and pointed out that it would be biased if the selected line carried any decreasing alleles (125). Finally, in 1988, a very extensive survey was published (164,165), based on A.E. Shrimpton's (1982) Ph.D. thesis. They showed that many genes could be identified as having an effect, but that the effects of some could be very large. These two papers are already becoming standards in the quantitative genetics literature, and it is sad that Alan was not able to appreciate the attention this work received so soon after publication.
NATURAL SELECTION
Even when occupied by dairy cattle breeding in the early 1950s Alan became interested in the fundamental problems of the mode of action of natural selection and the forces maintaining genetic variability in populations. The 1955 Cold Spring Harbor symposium on quantitative genetics marked a high point in theoretical and experimental advances in the subject with most of the major figures giving papers. In a synthesis section on selection, Alan chose to review the relations between metric traits and fitness. He put forward a series of models and contrasted traits such as bristle number, having a loose relation to fitness, with others such as viability (31). These were a paradigm for much later discussion. He had already (38) worked on a theoretical analysis of the effects of stabilizing selection, a model due to Wright in which extreme phenotypes were assumed unfit, and on a model put forward shortly before by Lemer, in which homozygotes were per se unfit. In particular he showed that stabilizing selection led to homozygosity and so could not be regarded as a potent evolutionary force for maintaining variation. The model was later rescued, albeit controversially, by Lande (1975) by invoking a mutation-selection balance.
Alan was to return to the attack on the stabilizing selection model (e.g. 101, 126): his basic argument was that it was nonsense to assume that genes affecting one character had their effect on fitness solely through the measurement on that character, an assumption 'so unrealistic as to be completely untenable'. He believed that an understanding could only come from considering the pleiotropic effects of individual genes on traits and on fitness, and discussed models in which segregating genes had such specific pleiotropic effects in order to study changes in fitness consequent on artificial selection (146). He also undertook (101) and supervised (J.G.C. Spiers Ph.D. 1974) a conceptually simple experiment in which lines of Drosophila were selected from a cage population base for a few generations for bristle score, and then a new cage established. If the stabilizing model applied, the mean score should return to the original value, but it did not.
It is hard to quantify, but there is little doubt that Alan's views on the relations between phenotype for a metric trait and fitness and on the number and distribution of effects of genes determining metric traits had a major impact on how people thought about this area; the papers presented at important symposia (31,101) were particularly influential.
MOLECULAR GENETICS
Alan Robertson read widely in genetics and essentially kept up to date with the developments in molecular genetics as they impinged both on evolutionary and animal improvement problems. When he first gave his lecture course on evolution, in Edinburgh in the early 1970s, it was essentially on molecular evolution. He had a background in chemistry, was the only person in the world conversant both with quantitative genetics in relation to animal improvement and with molecular biology, and therefore was frequently invited to speak on the topic of molecular genetics and animal breeding.
He did not appear much in print on the neutralist-selectionist controversy, tending to stay on the fence or perhaps considering the question to have no single answer. He did, however, use neutral models for many analyses and because of his interests in animal breeding worked extensively on finite population theory, usually the preserve of the neutralists. Kimura (1983, pp. 9-10) considered him sympathetic: 'in theoretical population genetics, the main progress has been the treatment of gene frequency changes as stochastic processes ... The lack of interest shown by English geneticists in this field is probably due to Fisher's influence. The situation is rather different in Scotland where Alan Robertson ... has done outstanding work on small populations, influenced by W right'. Indeed Alan (101) discussed the possibility that variation was neutral soon after the papers by Harris and by Lewontin and Hubby were published, but never directly pursued it. In private, he was dismissive of the pan-selectionist view -there were many arguments with B.C. Clarke, F.R.S. -but also raised the question of what proportion of the substitutions that occurred were actually nehtral: selectively advantageous mutants may be rarer than neutral mutants but have a much higher probability of fixation, a question he felt Kimura did not address.
The specific contributions Alan made were in his earlier papers on stochastic processes, in showing the inefficiency of the Lewontin-Krakauer test for inferring selection (see above), in pointing out that individuals of the same haplotype for a defective globin as judged by RFLP analysis were not necessarily of the same sequence (153), and in inferring ages of mutants from linkage disequilibrium (154). Alan made one foray into experimental molecular population genetics: soon after the discovery of transposable elements he recognized their potential for assessing population variability and genealogy; but his efforts were frustrated by technical problems and nothing was published till 1987 (162), after others who were in the field no earlier.
The possibilities and problems of utilizing molecular methods for animal improvement were quickly appreciated by Alan, and he talked and wrote on it from 1981. Essentially his ideas were polished up to 1986 (160) as more information, including Palmiter and Brinster's 'giant' mice, became available. He made many points: in particular that it would be difficult to identify genes to insert for production traits such as growth because little is known of the kinds of genes that contribute to their expression and variation, and that each transgene Sc. thesis on his genetics work, was appointed Deputy Chief Scientific Officer by the AFRC, rare for someone without administrative responsibility, and an Honorary Professor by Edinburgh University. He was elected F.R.S. in 1964, which pleased him greatly, for his contributions were so diverse. He was also elected F.R.S.E., a Foreign Associate of the U.S. National Academy of Sciences and an honorary member of the Genetics Society of Japan. He was awarded Honorary Doctorates by the University of Stuttgart-Hohenheim, the Agricultural University of Norway, the State University of Liege and the Danish Agricultural University. He was awarded the Research Medal of the Royal Agricultural Society of England and appointed O.B.E. in 1965, for his work on dairy cattle breeding. He remained modest and approachable, however. He was known as 'Alan' to almost everyone and he never took on any trappings of power or importance.
Alan greatly influenced thinking and practice in animal breeding, population genetics and quantitative genetics, through his published papers and talks at most of the major genetics meetings over more than three decades and by many other routes. A volume in his honour which includes papers that review his own contributions and others that review current work on areas he influenced, was initiated before his death and published shortly after (Hill & Mackay 1989 ). More detailed analyses of his work are to be found there, specifically in the chapters by Felsenstein (population genetics), Frankham (quantitative genetics) and King (animal breeding).
In Edinburgh he lectured on statistics, quantitative genetics and animal breeding theory for more than 30 years to students for the Diploma in Genetics, subsequently the Diploma/M.Sc. in Animal Breeding, and these lectures were attended by research students and visitors alike. Later he also lectured on evolution to undergraduates. Yet, as an ARC employee, he had no obligation to teach or supervise research students. For much of the time Alan never had any formal course notes, and would be seen wandering around the lawn outside for a few minutes deciding what to say. He was not one for the laborious proof, a quick intuitive derivation was good enough, so students found his lectures hard work. But through his lectures and through his many research students who took up research, teaching or commercial positions in Britain or abroad, he was the leading exponent of quantitative approaches to animal breeding in Europe and the Commonwealth.
In this latter role he was a willing formal or informal advisor to most of the animal breeding concerns in Britain, for example the Cambridge Cattle Breeding Centre, the Milk Marketing Board, the Meat and Livestock Commission, and various poultry breeding companies. Many of these organizations were staffed by his own students. He was closely associated with the work of the ARC Animal Breeding Research Organization, both informally and as a member of visiting groups and Chairman of the Director's Advisory Group. Indeed, he used his political muscle to save ABRO from closure in 1982. Typically, however, his influence was informal: he knew everybody and they respected his abilities and counsel. He knew what was going on, and usually why (and delighted in scientific and animal breeding gossip, albeit discreetly).
Alan was sometime President of the British Society of Animal Production and of the Genetics Commission of the European Association of Animal Production, the main forum for European discussions, and he essentially put the programme together for C.L. de Cuenca for the 1st (1974) and 2nd (1982) World Congresses of Genetics Applied to Livestock Production. He was President of the British Cattle Breeders' Club for many years. He organized a symposium on selection experiments in 1980 and set up discussion meetings on molecular biology in animal improvement in the AFRC as soon as there were useful prospects. With Bryan Clarke he co-founded the Population Genetics Group in Britain in 1968 and thereby started an annual meeting which has no bureaucratic structure, attracts 150 or so participants, and is an effective medium for discussion.
He was a frequent and critical reviewer for many journals (I once recall him saying in the early 1970s that he had 15 papers on his table for refereeing). He was on the editorial board of Genetical Research, based in the Institute of Animal Genetics, for 30 years. He acted as editor for many of the theoretical papers, and gave constructive criticism to many authors who wanted his reactions to their work. He maintained a wide and critical correspondence, much of it in his own handwriting and filed in no particular way.
Alan never completed a book. A long review of theory was published German in 1959 (61). Two of his sets of lecture notes, on animal breeding and evolution, both written in the early 1970s, would have been appropriate bases, but he thought they would need a lot of polishing for publication, and then that they were getting out of date. However, Douglas Falconer's book, An introduction to quantitative 1960 and later editions), has been the leading text for students and research workers in animal breeding and evolution. In the preface Falconer wrote:
It is no exaggeration to say that without Dr Alan Robertson's help this book could not have been written. Not only has his reading of the manuscript led to the elimination of many errors, but I have been greatly assisted in my understanding of the subject, particularly its more mathematical aspects, by frequent discussions with him.
Alan was a regular attender and participant at seminar and discussion sessions in the Institute of Animal Genetics and other Departments at Edinburgh. But the coffee sessions in his office at 11 every morning are world famous and were the main medium he used for discussion and for stimulating and informing his group and colleagues. Staff, students and distinguished visitors alike joined in, and nothing was too important for the coffee session to be abandoned. George Clayton, perched on a stool, often provided provocative stimulation, Alan the solutions or at least a clear statement of the problems. He used his knowledge, understanding and considerable mathematical intuition to resolve all kinds of problems: many papers had their conception and often much of their gestation at coffee.
A former student, Stefan Adalsteinsson, has written of Alan:
I was fortunate to have the chance of working with him. My view is that his scientific approach to the problems he was working on was more detached from his personal feelings than I have ever come across elsewhere. He had a vast knowledge and experience to draw from when he was deducing his results. He would discuss his ideas with his close collaborators and ask for their opinion. And what I found so outstanding was that he would always be ready to criticize his own results in an attempt to come closer to a more exact solution of the problem.
I endorse those views and want to express my personal gratitude to Alan Robertson, and regret at his passing. He had the greatest influence on me. 
